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CORROSION EMBRITTLEyiENT OF DURALUMIN. 
\r. RESULTS OF FATHER EXPOSURE TESTS. 

By Henry S. Rawdon. 

Light o.l"uiTiinum alleys of the duralumin type, that is, high- 
strength wrought alloys vjhooe properties can be improved decid- 
edly by heat treatment are of very great importance, especially 
in the form of sheet and tubes, for aircraft construction. The 
permanence of such materials when exposed to corrosive condi- 
tions such as may obtain in aircr^jft service should be known, 
however, with a high degree of certainty and precautionary meas- 
ures taken to guard against any possible serious deterioration 
in service. To obtain reliable information along this line an 
investigation, the results of which form the basis of this ser- 
ies of reports (Reference l), has been carried cut at the Bureau 
cf Standards in cooper e.t ion with the National Advisory Committee 
for Aeronautics, the Bureau of Aeronautics of the Navy Depart- 
ment, and the Army Air Corps. The leading manufacturers have 
also participated in the investigation by furnishing practically 
all of the materials needed. The investigation, which was start- 
ed in the latter part of 1925, is still in progress and final 
and complete answers have not been rea^ched on all points concern- 
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ing the permanence of duralumin in service • The infor.nation 
which has been obtained, however, Is of very considerable value 
to both niaziuf acturer s and users of aircraft and its publication 
at this tiiT.e vrould seem to be warranted although possibly sone 
of the statements made may be modified slightly in the li^ut of 
future results. 

Introduction 

The conclusions expressed in the preceding reports of this 
series (Reference 1) concerning the deteriorating effect of in- 
tercrystolline corrosion on the tensile properties of sheet dura 
lumin. ho.ve been based upon the behavior of the material when 
subjected to conditions in the laboratory favorcible to acceler- 
ated corrosion. 

Any laboratory corrosion test, as judged from the practical 
point of view, is valuable only to the extent tiiat it foretells 
what will, in all probability, occur in service. Such a test is 
most properly to be considered as a "pilot test,^' tiia.t is, a 
test v/hich indicates the direction along which action may be 
expected to occur rather than as a truly quantitative test which 
would be expected to tell just how and to what extent the action 
would proceed. It is generally recognized that laboratory corro 
sion tests should be chosen with particular reference to the 
character of service expected for any part iculaj" type of metal, 
so far as it can be foreseen. Even when this requirement has 
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been fulfilled, hov/everj the question whether the actual service 
behavior of the material is in accordance and general agreement 
with predictions based upon such laboratory tests is always a 
pertinent one. 

In this report are given the results which have been ob- 
tained, up-to-date, in the weather-exposure tests carried out 
gn material of the same kind a^ v/as used in the laboratory cor- 
rosion tests. Although these exposure tests have not been com- 
pleted, in the sense that all of the tests in the series initi- 
ally laid dci/vn, have been accomplished, still the general trend 
sho^m by the results is so clear that a number of definite con- 
clusions a.t this stage (subject, of course, to possible modifi- 
cation in the light of later results) are believed to be war- 
ranted. 

II • Resume of the Results of Laboratory Tests 

The fact is nowr well established that some sheet duralumin*, 
as well as some other high-strength aluminum alloys, under some 
conditions of use does not n:aintain its initial properties 
without iiTpeirment . The change may in souie cases be very pro- 
nounced, indeed. This change as shown by the tensile proper- 
ties, consists essentially in a marked lowering of the 
ductility of the material accompanied by a somewhat smaller pro- 
portional decrease in the tensile strength. Unlike the atmos- 
pheric corrosion of iron or steel, the change which may occu r 

*The nsjae "duralumin" is used here as referring to the class of 
heat-treatable aluminum alloys in which the essential alloying 
elements are copper, magnesium, silicon and manganese, and not 
to the product of sjiy particular manufacturer. 
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in sheet duralumin is net aecjmpanied "by any very marked surface 
indications. 

A short resume of the important facts established by the 
lalJoratory study will suffice as a basis f jr the correlation of 
these results with thvse whi^h have been obtained in the weather- 
exposure tests. The results of the laboratory corrosion tests 
of sheet duralumin have establish^id, beyond all reasonable doubt, 
the following facts: 

!• The change in sheet duralumin whereby the miaterial is 
rendered relatively weak and brittle is a eorrosion phenomenon 
localized alcng the grain boundaries and net a "spontaneous" in- 
ternal change w^ithin the alloy such as, for example, a delayed 
phase change, 

2. "While this effect has been produced in the laboratory, 
to some extent at least, in all the compositions used, the pres- 
ence of the constituent formed by the alloying of aluminum with 
copper appears tc b© most closely associated with this form of 
at t ack • 

3* Chloride solutions are most potent in causing an inter- 
crystalline attack. Solutions cf the other halogens act simi- 
larly but are less active. 

4. The rate cf atta'-^k is accelerated by an increase of the 
temperature. At 70^0, the effect in dilute solutions was approx- 
imately four times that at room teiiiperature in the same solutions. 
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5* The ordiTxary loss-of- weight method for determining the 
corrosion rate is net applicable in this problem. The testing 
of full-size tension bars after different degrees of attack is, 
by far, the best method to use. Certainly this method is prac- 
tically the only one v/hich will give reliable information as to 
the change in the mechani'^al properties rf the metal, v;hich :* s 
the information needed in this particular case, 

3* In order to develop its highest tensile properties, 
duralumin must be heat treated. The method by which the heat 
treatment is carried out is very intimately related to the sus- 
ceptibility of the heat trea^ted duralumin sheet to embrittle- 
ment by inter crystalline attack. The heat treatment of duralu- 
min consists essentially in two operations, quenching and aging. 
Heat treated sheet duralumin for which the quenching has been 
done in cold water is far more resistant to intercrystalline 
attack than the same v/hich has been quenched in hot water before 
aging. Heat treated material for which the aging process has 
been accelerated by using an elevated temperature is much less 
resistant than if the aging is done at room temperature. 

7. Cold-working of sheet duralumin by stretching, bending, 
and the like results in a condition which is somewhat favorable 
to intercrystalline corrcsion, but this feature is a manor fac- 
tor as compared with the differences in corrosion resistance 
which may result from improper heat treatment. 
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8* properly heat treated sheet duralumin is not necessarily 
corrosion prcof . Oorrosicn of the ordinary type may te expected 
to occur, hence, the need of protective ceatings. 

9» Oxide coatings formed by ele^^trolyt ic treatment ("anodic 
process") as well as similar related coatings affcrd only very 
little protection in themselves. They must be kept well greased* 
The type of grease used is of seccndaxy importance , the frequency 
of renewal is of prime importajice. 

10. Coatings of the spar varnish type are of only slight 
value. The addition of a^luminum powder, however, reduces very 
greatly the permeability of such coatings to a.tmospheric moist- 
ure and also retards the deleterious effect of light on such 
coatings. Clear and pigmented varnish coatings as well as bitu- 
mastic enajnel exposed in various solutions in laboratory corro- 
sion tests failed by blistering. Aluminum pigmented rubber coat- 
ings have given excellent performance in laboratory corrosion 
tests . 

11. Metallic Eiluminum coatings produced either by the 
metal spraying process or by rolling a duplex slab having a 
duralumin core and aluminum surfaces into sheet form, thereby 
producing a coating which forms an integral part '^f the finished 
sheet have given most excellent results, protection of the "cut" 
edges of aluminum coated duralumin sheets appears not to be nec- 
essary if the sheet has been properly heat treated. 
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III. Methods of the Exposure Tests 

The exposure tests, like t.iose in the laboratory, v/ere cex- 
ried out upon full-size tension bars of sheet duralumin, 14- 
gauge inaterial being used for neajrly all of the tests. The 
chemical compositions of the different materials which include 
only commercial materia2s (in a few oases slightly modified) 
are summarized in Table I. 

The specimiens to which coatings were applied before expo- 
sure were heat treated by hot Water quenching. According to 
the previous laboratory tests, such material would be expected 
to show a relatively low resistance to corrosion, hence, a break- 
Qown of the "protective" coating under atmospheric influences 
Would be expected to be shovm by the change in the properties 
of the basic m.etal at a relatively early stage. 

A prelimina^ry set of exposure tests, started before the 
laboratory tests had progrcL^sed sufficiently far to show the 
pronounced influence of hea.t treatment upon the ' corrosion- 
resista.nce of sheet duralumin, was carried out \vith cold-water- 
quenched duralumin. The results of this series of tests are of 
value principa.lly for their confirmation of the conclusions con- 
cerning the inter-relation of corrosion-resistance and mode of 
heat treatment used for duralumin. The results obtained, how- 
ever, do not warrant the drawing of any very definite conclusions 
concerning the protective value of different coastings applied to 
cold-water^quenched duralum.in sheet. 
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The exposure test racks were installed at three different 
locations representative of quite widely varying weather condi- 
tions. The locations are as follows: Naval Air Station, Coco 
Solo, Canal Zone; Naval Air Station, Hajnpton Roads, Virginia; 
and Bureau of Standards. The Coco Solo rack is illustrated in 
Figure 1. This rack, inclined as shown, faced the south and 
was situated on the breakwater. The Hampton Roads rack was sit- 
uated in a very similar manner on a platform attached to the 
side of the pier, well above the high water line. The Bureau 
of Standards ra.ck v/as located on the roof of one of the build- 
ings and faced the south but, as shown in Figure 2, was raised 
only slightly above the horizontal position. The test bars were 
held in place in the cypress exposure rack at each end of the 
bars by a narrow strip of wood together with an outer reinforc- 
ing strip of sheet aluminum, both of which were fastened to the 
rack by screws at intervals of a fo#t or so. In addition to 
these three sets of specimens, a fourth set was kept in the lab- 
rratory in sealed glass containers. Soda lime v/as used to ma,in- 
tain a dry atmosphere within the containers, the specimens being 
supported on end on a grid of galvanized wire mesh placed well 
above the soda lime. 

No change was made in the position of the specimens in any 
way during the exposure period. Necessarily, the exposure of 
the two surfaces of the specimens was therefore, not the same. 
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In this respect, however, the exposure tests paralleled service 
conditions nore closely tli<an did the laboratory corrosion tests. 

In Ta.ble II 'p.re listed the different ^:ets of specimens used 
in the exoosure tests to^rether v;ith their initia.1 tensile prox)- 
ertios, and the treatment Given to each, such as modifications 
in heat treatment, cold working, coating process and the lihe. 
Each set of specimens representcitive of each of the different 
variables consisted, in most cases, of ten specimens. In a few 
cases, a smaller number was used. 

IV* Results 

In Tcable III are given the results obtained in the prelimi- 
nary set of weather-exposure tests (Hampton Roads Naval Ai r 
Station) v;ith cold-v;ater-quenched duralumin sheet. These re- 
sults are included for comparison with those of the more exten- 
sive series of tests ca.rricd out ab several different locations. 

At successive intervals of several months, as shovrp. in 
Figure 4, one specimen from each set of specimens ixom each of 
the racks wo.s removed for testing. The tensile properties of 
the exposed specimiens v;ere determined a.nd an examination of the 
microstructure made to determine whether or not intercrystalline 
corrosion had occurred. The appearance of the specimens shovm 
in Figure 5 is typical of the results produced by exposure to 
the v;eather. In the Hampton Roa.ds tests the surface change was 
somewhat less macrked than was the ca.se in the Coco Solo "nests 
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and in the Bureau of Sta.nclards exposure .f^peciniens the chajige vre.s 
very much less marked. It is c[-.;ite evident from Figure 3, with- 
out further discussion, that only in a qualitative sense can the 
surfa.ce appearance of the exposed bars be used a.s a measure of 
the effect of corrosion on the underlying metal. 

The results of the tension tests of the exposed specimens, 
up^to-da.te, are summarized graphically in Figure 4. The initial 
properties, that is, those of the uncorroded materials ha^ve been 
included throughout for all of the sets of specimens as a "base 
line" for comparison. In those cases in v^hich the evidence of 
the occurrence of intercryst alline attack vras indisputable, 
this feature ha,s also been indicated. 

t V. Discussion 

The results of the exposure tests have definitely shoA^^l 
that sheet duralumin is not permanent under atmospheric expo- 
sure under all conditions. As a general rule, no noticeable or 
significaXit changes have been noted in the .'roperties of dura- 
luxmin when maintained under conditions such as render the chance 
of the occurrence of corrosion very remote. The conclusion that 
the impairm.ent of the material which occurs is the result of 
corrosion, is believed to be f-.illy warranted. Those cases in 
which deterioration of the material under atmospheric exposure 
occurs, very closely parallel the corresponding cases in the 
laboratory corrosion tests. The variations noted in the inten- 
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sity of the e.ttaok under atuiospheric exposure according to cli- 
matic conditions are in good accord with predictions based upon 
the lacoratory tests. Exposure to marine atmospheric condi- 
tions is decidedly more effective in producing intercrystalline 
corrosion than exposure to inland atmospheres. Likewise, other 
conditions being the sajne, a warm clim.ate is more severe than a 
colder one. 

The susceptibility of sheet duralumin to corrosive attack 
by the intercrystalline method was found to be intimately re- 
lated to the method employed in the heat treatment of the mate- 
rial, in both the exposure and accelerated corrosion tests. 
The agreement as to the character of the results in the two cases 
is exceptionally good (Figure 4, sets 1-4 and 7-S). Without 
question, the use of hot v^ater or oil as a quenching mediu;ji for 
the heat treatment of sheet duralumin is not to be recomimended 
for material which must withstand severe weather conditions, 
despite the fact that the tensile properties of duralumin do not 
differ noticca.bly according to the different quenching media 
used. It will also be noted from Figure 4, that those mater- 
ials which, after quenching, vvere aged at an elevated tempera- 
ture (for exaiYiple, Set 6 and 36) or which were heated somewhat 
after being allcY/ed to age fully at room temperature (Set 17) 
are decidedly susceptible to intercrystalline corrosion. On 
the other /land, it should be noted that corrosion of the more 
familiar pitting type frequently occurred on materials which had 
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been heat treated by approved r/iethods, the drop in the tensile 
properties, especially elongation, accompanying this type of 
corrosion being quite marked in some cases (for example, Set 2)» 

Of the different variables in heat treatm.ent, the subsequent 
behavior of sheet duralumxin is affected most by the quenching 
rate and the aging treatment. The exposure test results have 
shown no difference in corrosion resistance resulting from vary- 
ing the heating period prior to quenching. The results for 
Sets 4 ar.d 5 (Fi^gure 4) show no difference in the corrosion be- 
havior of duralumin sheet heated for 15 or for 60 minutes at 
500^0 (920^F) prior to quenching. 

If duralumin is quenched from a temperature somewhat belov; 
that at which the alloy constituents pass completely into the 
solid solution condition, the tensile properties a.re not so 
high as may be developed by using a higher quenching temperature. 
The corrosion resistance may also be less as shown by Set 10 
(Figure 4). 

Cold working of fully heat treated sheet duralum^in did not 
render the material noticeably prone to intercrystalline attack 
in the atmosphere (Sets 12, 13, and 14). This was true regard- 
less of v/hether the cold-vv-orked conditions was a local one, such 
as produced by stretching the central portion or reduced section 
10 per cent, or a more uniform cold-worked condition produced 
by cold rolling the entire bar sufficiently to increase its 
length 10 per cent. Howuver, in the case when the material was 
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not properly heat treated, cold working by stretching accentu- 
ated the embrittling intercryst alline attack (Set 16). 

Variation?; in the composition of duralumin of the msugnitude 
indicated in Table II are of miner importance so far as the re- 
sistance of the materiaJL to int ercrystalline attack is con- 
cerned (sets 20-25). The "initial" tensile properties of most 
of these alloys are considerably lower than those of the ordi- 
nary duralumin, after heat treatment and are less' suitable for 
this reason* Corrosion by pitting, however, in some seemed to 
be accentuated; for example, Set 24, of rela^tively high iron 
content, seems to be prone to this form of attack. No essen- 
tial difference ha,s been found to exist in the sheet duralumin 
made by different manufacturers if heat treated in the same 
manner (Com.pare BT ma^teria^ln with the others in Figure 4), al- 
though the composition often differs somewhat. Of the two al- 
leys which differ markedly from the "duralumin comiposit ion, " 
the one containing copper, alloy 253T (Set 26) has sho\'m marked 
intercryatalline attack, whereas in alloy 51S (Set 27) v/hich 
contains no copper, only traces of intercrystalline attack were 
found after prolonged exposure to severe wea.ther conditions. 

The lack of permanence under exposure to the weather of 
most of the coatings used (Sets 28-39, Figure 4) is in good 
agreement with the indications of the laboratory tests* The use 
of duralu^Tiin which had been heat treated by quenching in hot 
water axid, hence, quite susceptible to intercrystalline attack 
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as a basis material fcr the application of the coatings has 
proved very satisfactory. An earlier series of exposure tests 
3f a somewhat preliminary nature had shown the desirability of 
this, since if the duralumin sheet in its uncoated state has a 
high degree of resista^nce to corrosion, no conclusions concern- 
ing the real protective value cf the coatings other than quali- 
tative ones based upon visual inspection can be drawn* 

The conclusion based on the laboratcry results that of the 
various coatings, a surface layer of aluminum is by far the 
most dependable, has been borne out by the exposure tests on the 
aluminum-clad sheet. As is shown by Set 37 (Figure 4), however, 
an aluminum pigmented varnish may give excellent results under 
some conditions. That this is not always so, however, is shown 
by Set 28 (Figure 4). 

Coatings consisting of a surface oxide film: produced by the 
'^anodic process" (Set 32) or closely related coatings formed by 
chemical nieajis (Set 30) are undependable . The application of 
grease to such coatings at the outset, without subsequent re- 
newal of the grease, has not materially increased the protection 
afforded by such coatings over the period covered by the tests 
12 months). Likewise the use cf a grease coating applied by rub 
bing which is then "bonded" by the application of aluminum pow- 
der has not proved entirely dependable fcr the entire period 
during which the tests have been in progress. It is of interest 
to note, however, that fcr the relatively mild weather condition 
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obtaining in V/ashington and on the basis of v;hich one might ex- 
pect to draw nicer distinctions as to the merits of the coat- 
ings, the clear varnish and the "oxide" types of coatings have 
proved noticea.bly inferior to all of the ethers used. 

In one important instance the v/eather exposure tests have 
not corroborated the laboratory tests, A rubber-like coating 
( thermoprene ) pigmented with aluminum pov/der gave excellent pro 
tection against corrosion to duralumin in rather severe condi- 
tions in the laboratory. The difference observed v.^hen exposed 
to the weather is most probably to be attributed to a deterior- 
ation of the matrix of the coating v\rhich occurs despite the 
aluminum pigment added to prevent this. (The results for this 
type of coating are not given in Figure 4.) 

In one rather important respect, weather-exposure tests 
of the kind described in this report may not duplicate service 
conditions in all respects* Most aircrcift parts, in service, 
are always in a more or less stressed condition. Service tests 
to show the effect of stress on the corrosion behavior of dura- 
lumin parts are practically impossible. Laboratory tests on 
this point, however, are in progress. In brief, the tests con- 
sist in showing to what extent the tensile properties of sheet 
duralumin are affected by corrosion vrtien the metal is under 
stress. Two general oa^ses are being considered (a) simple or 
"static" tension, and (b) repeated flexural stress, the corro- 
sive attack being carried cut in the same kind of solution and 
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by the ssxae vfet-and-dry corrosion method (repeated iminer sions 
at 15-niinute interva.ls) as in the laboratory tests already car- 
ried out. The results of these "stress-corrosion" tests will 
form the basis of a later report. On the basis of the close 
parallelism which has already been found to exist between the 
results of the exposure tests a.nd the laboratory corrosion tests 
of sheet dux&2umin, it is confidently expected that any pro- 
nounced change in the results of the laboratory tests resulting 
from the introduction of the variable of stress will be indica- 
tive of a corresponding behavior of the material under service 
conditions. - 

VI. 3 u ra m a r y 

1, In a series of weather- exposure tests of sheet duralu.- 
min upon which accelerated corrosion tests in the laboratory by 
the wet-and-dry corrosion method in a sodium chloride solution 
had already been carried out, a close parallelism between the 
results of the two kinds of tests was found to exist. Predic- 
tions based upon the results of the laboratory tests were, with 
but few exceptions, fulfilled in the exposure tests. In cases 
of disagreement in such tests, the results of the expos^'e tests 
are always accepted. 

2. It has been shown by these tests that the lack of perma- 
nence or embrittlement of sheet duralumin which has been observed 
in some of this material in service under some conditions is 
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largely, if not entirely, to be ascribed to corrosion. A cor- 
rosive attack of an intercryst a].line nature is very largely re- 
sponsible for the degree of embrittlernent produced. In the ex- 
posure tests, as indicated by the laboratory tests, the rate of 
embrittlernent was grea.tly accelerated by a marine atmosphere 
and by a tropical climate. 

3. The tests, both in the laboratory and in the field, 
were carried out upon full-size tension bars, the change in the 
tensile properties being used as a measure of the effect of cor- 
rosioni This method is, by far, the best in cases like the 
present, in which the tensile properties of the material undergo 
material change without a corresponding change in surface ap- 
pearance, 

4. The exposure tests confirmed the laboratory tests in 
showing that variations in composition of duralumin which do 
not result in v;ide departure from the ordinary "duralumin compo- 
sition" are of almost negligible importance so far as corrosion 
behavior is concerned. Of .the high strength aluminum alloys 
which differ :^.'at erially in composition from duralumin, the alloy 
containing copper as the principal alloying element was most 
susceptible to intercrystalline attack, 

5. Variations in the heat treatment procedure used for 
duralumin appear to be major factors in determining the suscep- 
tibility of the heat treated sheet tc intercrystalline corxo- 
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sive attack during exposure to the weather and likewise in ac- 
celerated corrosion tests. The quenching rate, as determined 
by the use of cold or hot water or oil as quenching media, and 
the aging treatment ( room- temperature aging vs. accelerated 
aging) are the most important factors in this respect. The use 
of hot v;a.ter or oil as a quenching medium for sheet duralumin 
or an accelerated aging treatment is not to be recommended for 
duralumin which must withstand severe climatic conditions, such 
as marine end. tropical service. 

6. Cold working of properly heat treated sheet duralumin 
by stretching or cold rolling does not affect very greatly the 
susceptibility of the material to embr ittlement by int ercrystal- 
line attack when exposed to the v/eather. With improperly heat 
treated dura^lumin this factor is of much more importance. 

7. The exposure tests have clearly shown that corrosion 
of the more familiar or pitting type may occur with duralumin. 
The effect upon the tensile properties although similar in char- 
acter is, in most cases, decidedly less than that of the Inter- 
crystalline type. So far, it has not been possible to correlate 
definitely the tendency of the alloy toward this form of corro- 
sive attack with any condition of the material resulting from 
any particular heat treatment or other condition. 

8. The determination of the permanence of coatings on dura- 
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lumin under corrosive conditions, both in the laboratory or when 
* e:?q30sed to the v/eather, has been most successfully done by ap- 
plying the coating to tension bars of dural'oiTiin which had been 
improperly heat treated and, hence, quite susceptible to attack. 
The relatively rapid attack of the underlying or basis metal 
following the "breakdoY/n" of the coating was shown in the ten- 
sion tests of such specimens after exposure, 

9. In this way, it has be^n shown that aluminum coatings 
are, by far, the most dependable. The useful life of clear 
varnishes is very short, the addition of alumiinum "pigment" in- 
creases the permanence cf the varnish very greatly. On the 
other hand, the addition of aluminum pigment to rubber-like 
coatings while decidedly successful in the laboratory, under 
exposure conditions has not given satisfactory results. Surface 
©xidation b^^^ "anodic" process and similar coatings have no last- 
ing protective value unless well greased, and even when greased 
they have not proved to be resistant against severe exposure 
conditions, although with milder exposure conditions fairly sat- 
isfactory results have been obtained. Simple ;.:rease coatings 
"reinforced" v/ith aluminum powder have given satisfactory serv-- 
ice under niild exposure conditions but net entirely so for 
severe (marine) conditions. 

10. lYeather-exposure tests of the kind described here, 
while closely approximating service conditions, undoubtedly do 
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not duplicate them. Tests are no^r in progress for the purpose 
of showing hov/ the corrosion behavicr of sheet duralumin may be 
affected by a stressed condition coincident v/ith the corrosive 
attack. However, the difference in the rate of attack of the 
material exposed to the weather in Washington and of similar 
material exposed to marine atmospheric conditions is so clear 
and the lack of permanence of most cf the coatings used so un- 
mistakable, that definite conclusions concerning the conditions 
which underlie the lack of permanence rf duralmiin and the pro- 
tective measures which must be employed are believed to be fully 
Warranted on the basis of the results of these exposure tests* 

Bureau of Standards, 

Washington, D. 0. , 

December, 1028. 



iuA.O.A. Technical Note No* 304 



21 



References 



1. Rawdon, Henry S. : CORROSION EliBRITTLEMENT OF DURALULIIK. 

Part I: Practical Aspects of the 

problem. N.A.C.A. Technical 
Note No. 282. (1928) 

Part II: Accelerated Corrosion Tests 
and the Behavior of High- 
Strength Aluminum Alloys of 
Different Compositions. 
N.A.C.A. Technical Note No. 
283. (1928) 



Part III: Effect of the Previous Treat- 
ment gf Sheet Material on 
the Susceptibility to This 
Type of Corrosion. N.A.C.A. 
Technical Note No. 284. (192S) 



Part IV: The Use of Protective Coat- 
ings. N.A.C.A. Technical 
Note No. 285. (1928) 



TABLE I. Sheet Alloys Used in Corrosion and Exposure Tests 



, 

Designation 
of material 


General i^'ature of I-Aaterial 


Composition (per cent)* 


Cu 


Fe 


Si 


Mn 




Cr 


Ni 


Pb 


Ca 


Sn 


Zn 


17ST 


CoiiLTiiercial alloy of the dnral-umin type 
(A.S.S.T. Handbook) 


4.1 


.34 


.32 


.51 


.61 


n.d. 


n.c*. 


n.d. 


n.d. 


n.d. 


n.d. 


BT 


Corranercial dural-omin (A.S.S.T. Handbook) 


3.9 


.51 


.31 


.58 


.60 


<.02 


ti 


It 


It 


M 


It 


25S 


Corrimercial alloy sheet (described in 


























A.S.S.T, Handbook; 1929 ed. , p. 500) 


4.2 


.45 


0.9 


.68 


.10 




It 




ti 


It 


II 


51S 


Commercial alloy sheet (described in 


























A.S.S.T, Handbook; 1929 ed., p. 500) 


.05 


.38 


1.0 


.01 


.61 




ii 




11 




II 


A-17ST 


Commercial alio?/ sheet (described in 


























A.S.S.T. Handbook; 1929 ed., p. 500) 


2.5 


.28 


.24 


.02 


.40 




It 










B-l^ST 


Commercial alloy sheet (described in 


























A.S.S.T. Handbook; 1929 ed., p. 500) 


3.7 


.36 


.22 


.02 


.45 




tt 










63A 


Prepared by manufacturer for this in- 
vestigation, Fe content higher than 


























in ordinary duralumin 


3.8 


1.15 


.24 


.50 


.63 




<.02 










58B 


Prepared by manufacturer for this in- 
vestigation, intended as a "low- 




























3.1 


.55 


.21 


.50 


.63 




n*d« 










i-i 


prepared by manufact-urer for this in- 


























vestigation, low Fe-Si ratio 


4.2 


.20 


.20 


.47 


.47 




It 


n.d. 


n.d. 


n.d. 


n.d» 


I-x2 


Prepared by mamaf acttirer for this in- 
vestigation. Uade from material of 


























high purity, low Fe and Si contents 


4.2 


.es 


.10 


.47 


.52 




ti 


It 


It 


tt 




1-3 


Duralumin tj^pe of alloy (17S) 


4.2 


.47 


.34 


.47 


.50 




It 


ft 


11 


tt 


ti 



♦Chemical analyses by J. A. Scherrer, Chemist, Bureau of Standards, 
n.d. = not detected. 



TABLE II. Weather-Exposure Test Specimens. 



Elongation ( 2") o 



Set 
No. 



1 
2 

3 
4 
5 

6 
7 
8 
9 
10 



Material* Treatment prior to exposure 



17ST 
ff 

II 

If 

tf 

17ST 
fi 

It 

M 
tt 



11 17ST 

12 " 

13 " 

14 " 

16 17ST 

17 " 

18 BT 

19 BT 

20 17ST-A 



Quenching 
temperature 



500^0 

t! 
It 
tf 

n 

500^0 
tt 

IT 

425^0 



425^0 
500^0 

500^0 

500^0 

500°C 
500^0 
500^0 

M 
ft 



Time 
in "bath 



15 min. 

15 

15 " 
•£0 " 
15 " 



15 min, 
15 " 
15 " 
15 " 
60 " 



5 hr. 
15 min. 

15 " 

15 " 

15 min. 

15 " 

15 " 
15 " 
15 " 



Quenching 
media 



v/ater 
If 

It 

tt 

II 

water 

oil 
If 

water 
II 



0"^ 
250c 
lOO^C 
25^0 
O^C 

O^C 
O^C 
25^C 
25^0 
25^0 



water 25^C 
" O^C 



O^C 



O^C 



water 100"C 



O^C 



It 

oil 
water 



25^0 
25^0 
O^C 



*See note next page, 



Aging and coating 



aged at room temperature 

It t! II II 



aged 24 hours at lOO^'C 

aged 3 hours at 150^0 

aged at room temperature 
II It ft tt 



aged at room temperature 
aged 1 hr. at room temp, 
stretched 10^ in length 
aged 96 hr. at room temp, 
stretched 10^ in length 
aged 3 weeks at room temp 
cold rolled 10^ in length 



and 



and 



and 



d 96 hr. at room temp, and 
stretched 10^ in length 
aged 9 6 hr. at room temp, and 
heated 5 hr. at 135^0 
aged at room temperature 



Initial 



U. T. S- 



Tb7 



sq.m. 



62,300 
63 , 600 
63,200 
63,100 
61,900 

58,700 
60,800 
62 , 500 
43,500 
48,400 

46,700 
56,800 

65,800 

70,400 



65,600 

58,100 

63,700 
64,500 
37,100 



Per cent 



20.0 
22.0 
22.0 
20.0 
23.0 

21.0 
20.0 
20.0 
20.0 
19.0 

20.0 
11.0 

12.0 

11.0 



11.0 

20.0 

20.0 
20.0 
24.0 



H3 



O 

o 

(D 



o 
1^ 



to 



?ABLS II. Weather-Exposure Test Specimens (ContQ 



Set 
No. 


l^aterial* 


Treatment prior to expos-ore 


Initial 


U. T. S. 


Elongation (2") 






Quenching 
temperature 


Time 
in "bath 


Quenching 
media 


Aging and coating 


11) • / scj. in. 


per cent 


21 


17ST-E 


500°C 


15 


min. 


water 


O^C 


aged at room temperature 


51,500 


22.5 


22 


I-l 


II 


J.O 


ft 


tt 




tt II It tt 


59,000 


20.5 


23 


1-2 


II 


1 ^ 
XD 


t! 


It 




11 II II tt 


52,400 


20.0 


24 


63A 


II 




It 


t! 


e°r 


II It It tt 


Jl , oOO 


19 .5 


25 


5SB 


II 




fl 


ft 




tt It ti II 


51 , 700 


20.0 


26 


25ST 


520°C 


15 


min. 


water 


0°C 


aged at room temperature 


53,600 


20.5 


27 


51ST 


II 


1 R 


11 


M 




tt II It II 


53 , 700 


27.5 


28 


17ST 


500°C 


1 R 
XO 


ft 


If 


±\J\J u 


coating, Cr varnish 4 Al paint 


60,800 


21.0 


29 


17ST 


II 


1 R 


tt 


tt 




coating, pigmented oil 


oU, rOU 


til .0 


30 


BT 


H 


XD 


tt 


It 


XKJU \j 


coating, "Jirotka" 


61,300 


20.0 


31 


BT 


500°C 


J. *-j 


min • 




lOO^C 


coating, "Jirotka" -f lanoline 


61,300 


20.0 


32 


Ex 


II 


15 


ft 


II 


lOO^C 


coating, anodic 


62,400 


20.0 


33 


BT 


II 


15 


tt 


tt 


lOC^C 


coating, anodic 4 lanoline 


62 , 600 


20.0 


34 


I-l 


II 


15 


ti 


tt 


lOO^C 


coating, grease 4 Al powder 


59 , 700 


20.0 


35 


1-2 


II 


15 


tt 


tt 


lOO^C 


coating, Al pigmented varnish 


60,000 


21.5 


36 


25ST 


520°C 


15- 


-30 rain. 


water 




aged 8-15 hr. at 140^0 - 


59 , 500 


25.0 
















coating, Cr varnish 






37 


25ST 


520° C 


15- 


-30 


ft 




aged 8-15 hr. at 140^0 - 


59,400 


21.0 
















coating, anodic 4 Al varnish 






38 


1-3 


500°C 


15 


Tt 


ft 


lOO^C 


aged at room temperature - 


62,300 


21.5 
















coating, grease 4 Al powder 






39 


Alclad 


None 


As 


received 








54, 700 


19.0 




17ST 




1 















*The materials were made "by the two American manufacturers of duralumin, that designated as BT hy one manu- 
facturer; all of the remainder "by the other. 



TABLE III. Exposure Tests of Sheet Duraliimin. 



This series of tests (Series 1) was started June 4, 1926. All s-oe c imens were heat-treated by quenching in 
cold water from 500-510^0 from a fused nitrate "bath 













T 


ensile 


P 


r 0 1 


3 e r t 


i 


e s 






Set 


Treatment prior to test 


Mate- 
rial 


Initial 


5 months 


11 months 


17 months 


23 months 


No. 


U.T.S. 

(2" 


elong. 

) 


U.T.S. 

(2" 


elong. 

) 


U.T.S. 

(2" 


elong. 

) 


n C 
• J. • O • 

(2" 


elong. 

) 


w . ^ . O . 

(2" 


elong. 
) 


1 


Heat-treated, na coating 


ED 
17S0 


0± , OUvJ 

60,000 


"1 Q R 

20.5 


D f , oUU 


lo»U 


56,400 




19.5 


57,400 




19.0 


58, 100 


13 .0 


.'.2 


Heat-treated, stretched 
4^, no ccating 


ED 
17S0 


bl , r UU 
63,000 


ID .U 

17.0 


Db, rvJU 


o cz 


Ob, 700 




12,5 


d6, 700 




10.0 


59,100 


13.0 


3 


Black Valspar varnish 


BD 
17S0 


bi , DUU 

60,000 


ly .5 

20.5 


57,100 


19.0 


57,300 




19.0 


55,600 




17.0 


57,300 


15.5 


4 


Alxunin-um pigmented varnish 


ED 
17S0 


61,500 
bU , OUO 


19.5 
<;0 ,5 


58,500 


ly .0 


57,300 




19.5 


58^000 




17.0 


55,200 


18.0 


5 




17S0 


61,700 
61 , 000 


20.0 
20. C 


59 , 600 


20.0 


60,400 




19.5 


58,300 




19.0 


59 , 600 


18.0 


6 


Same as (5) plus "black 
Valspar 


ED 
17S0 


61,700 
61,000 


20.0 
20.0 


58,600 


17.5 


57 , 600 




14.5 


57,600 




16.5 


55,200 


11.5 


7 


Sand-blasted, metal 

sprayed with ccmmercial 
Al, then heat-treated 


BD 
17SC 


58,200 
56,900 


19.0 
21.0 


54,400 


21.0 


55 , 400 




19.0 


57,400 




17.5 


54,500 


19.0 


8 


Same as (7) stretched 4^ - 
no additional coating 


ED 
17S0 


58,300 
59 , 100 


15.0 
15.0 


58,400 


13.5 


58,200 




15.0 


54,400 




15.5 


55 , 600 


15.0 



TABLE III. Exposure Tests of Sheet Doraluiran (Cont.) 













T 


a 


n s i 1 e 


P 


r 0 p e r t 


i 


e s 








Set 


Treatment prior to test 


Mp.te- 


Initial 


5 months 


11 months 


17 months 


23 m.onths 




Kg. 


rial 


U.T.S. elong. 
(2'-) 


U.T.S. elong. 
(2") 


U.T.S. elcng. 
(2") 


U.T.S. elong. 
(2") 


U.T.S. along. 
(2") 


• 

o 


9 


Same as (b) plus "black 
Yalspar 


BD 
17S0 


58,000 
58,500 


15.0 
15.0 


58,400 




12.5 


58, 800 




15.5 


57 , 400 




14.0 


5S , 400 


15.0 


• Tech 


lOB 


As rpr*eived nx) I'urtiier 
trsateent 


1-3 


62,700 


21.5 


G2 , 700 




18.0 


60, 600 




17.5 


5S,200 




12.5 


61 , 500 


17.0 


mical 1 


lOA 


Like lOB, coated with 
"■bit-jirastic enojiiel," 
then metal sprayed 
with Zn and Al 


1-3 


62,500 


21.0 


62,200 




21.0 


60, 800 




21.5 


61,400 




17.5 


62 , 500 


22.0 


o 

CD 

O 
• 



o 

Note: BD material furnished by Baush Machine Tool Company. 

17S0 " " " AluTi-inum Company of America. 

" " " Aluminium Company of America, is representative of commercial heat-treated 

duralumin. 



CO 
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2xpo8ure rack and specimens, Coco Solo Naval Air Static 




?'ig.2 Exposure rack and specinr.ens, Buieau of Stanrlards roof 



N.A.C.A. Tecbnical Note No. 304 



Fig. 3 



months 




'A 



39 r ^ 



29 I 34- y 35 
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Fig. 4 




Sununary of the results of the tests of 
speciaene of the sajsa materials exposed 
to the weather in three locations and 
of the "control" specimens. 
Refer to Table II for treatment of the 
material prior to exposure. 
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